Phytochemical analysis of the essential oils of Micromeria graeca (L.) Rchb from Vis and Komiža on the island of Vis (Croatia) showed them to have a similar chemical composition. The oxygenated sesquiterpene α-bisabolol was a major component of both oils with percentages of 13.9% in the oil from Vis and 15.5% in the oil from Komiža. A comparison of the mean number of lesions on the essential oil-treated Chenopodium quinoa plants infected with satelliteassociated cucumber mosaic virus (satCMV) with the corresponding control showed that the oil from Vis caused delay in the development and reduction of the number of lesions by 59.3%. The essential oil of M. graeca from Komiža was not effective in the reduction of satCMV infection.
Micromeria (L.) Rchb. (Lamiaceae Lindl.) [1] species are perennial herbs, sub-shrubs and shrubs distributed throughout the temperate belt [2] . M. graeca (L.) Rchb (syn. Satureja graeca L.) is a slightly aromatic species, widely distributed in the Mediterranean area [3] .
Micromeria spp. are well known aromatic species due to their high contents of essential oils (>0.5%) [4] . Previous studies of the essential oils of different Micromeria species revealed significant variability. The composition of the essential oils of M. cristata, M. juliana, M. dalmatica, M. Albanica, M. thymifolia, M. graeca, M. libanotica and M. parviflora has been reported [4] [5] [6] [7] [8] . Several of the species have considerable antimicrobial [9] and antioxidant [10] activity, and some are used in folk medicine. A recent area of research that is of particular interest is the antiphytoviral activity of essential oils. Previous investigations carried out in this field confirmed that essential oils are involved in plant defense against viruses [11, 12] . Therefore, in this study, the essential oil composition of M. graeca was investigated, together with the antiviral activity of the oil against satellite-associated cucumber mosaic virus (satCMV). The results of this study will contribute to the better understanding of the relationship between essential oil composition and antiviral efficiency.
Aerial parts of wild-growing M. graeca were collected from two different localities, Vis (V) and Komiža (K) on the island of Vis (Croatia) ( Table 3) . Fifty-three components representing 92% of the total oil were identified in the V oil and fifty-one components representing 86.4% of the total oil were characterized in the K oil. The total oil yields were 0.5% and 0.6% for oils from V and K, respectively.
The identified components, listed in order of their elution from the VF-5MS column, are given in Table 1 together with their percentages of the total mass fraction of the oil. Identified components are classified on the basis of their chemical structures into seven classes. The oil from V contained a higher concentration of oxygenated monoterpenes (30%) than the oil from K (19.1%), with camphor (8.1%) and trans-linalool oxide (6.8%) as the dominant components among this class. Both samples contained similar percentages of monoterpene hydrocarbons (8.4% in V and 7.6% in K) and sesquiterpene hydrocarbons (17.9% in V and 19.6% in K). The oxygenated sesquiterpene α-bisabolol was a major component of both oils with percentages of 13.9% in V and 15.5% in K. Phenolic compounds, carbonylic compounds and hydrocarbons represented 11.7% (oil from V) and 4.9% (oil from K) of the total oil. Similar to our results, epi-α-bisabolol was identified as one of the major compounds in the oil of M. graeca growing in Greece with a percentage of 12.8%. The dominant component of this oil was caryophyllene oxide (17.0%) [8] . The K oil also contained caryophyllene oxide as one of its major components with a percentage of 7.4% ( Table 1) . Caryophyllene oxide was also a dominant compound in the oil of M. juliana from Croatia [6] and of M. croatica from Serbia [4] .
In this work the influence of the essential oil of M. graeca on the defense response of Chenopodium quinoa plants to satelliteassociated cucumber mosaic virus (satCMV) infection was investigated. Plants treated for two consecutive days prior to inoculation with the essential oil of M. graeca from V significantly reduced the number of local lesions. In addition to reducing the number of local lesions, a delay in the appearance of symptoms on plants treated with the essential oil of M. graeca from V was noticed. On control plants, one or two lesions per inoculated leaf appeared on the 4 th day post inoculation, while in plants treated with essential oil from V, lesions were not developed by this time ( Table  2 ). In the group treated with essential oil from V one or two lesions per inoculated leaf appeared by the 5 th day post inoculation although a large number of inoculated leaves had no symptoms. According to the developed symptoms, the percentage of inhibition on the 5 th day post inoculation was 55.8% ( Table 2 ). With the group treated with essential oil from K, on the 4 th and 5 th day post inoculation the developed lesions were even more numerous than in the control group (Table 2) . By the 8 th day post inoculation almost all the inoculated leaves in the control and treated groups had developed symptoms. The V essential oil reduced the satCMV infection by 59.3%, whereas treatment with the K essential oil caused negative inhibition of symptoms development ( Table 2) . [15] and/or homemade library; MS = identification by NIST02 and Wiley 7 spectral databases; S = identification confirmed with reference compound; tr-traces (mean value below 0.1%); -= not identified.
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A common feature of the essential oils from V and K is the presence of α-bisabolol in relatively high percentages. A significant difference in the composition of the investigated oils is that the oil from V contains a higher percentage of α-pinene, linalool oxide, linalool, pinocarveol, camphor and aromadendrene. Aside from the dominant α-bisabolol, the oil from K contains a higher percentage of germacrene D, spathulenol, caryophyllene oxide and bisabolol oxide. Previous results dealing with antiphytoviral efficiency of essential oils indicate that essential oils can trigger a response to viral infection. Comparing the composition and antiviral activity of the investigated oils with the present literature data, some similarities are noticed. The essential oil of M. graeca from V is characterized by a significant proportion of oxygenated monoterpenes, like the oil of Satureja montana that was effective in reduction of infection with tobacco mosaic virus and cucumber mosaic virus [12] . Essential oils of several Teucrium species that are rich in monoterpenes and sesquiterpenes also inhibited CMV infection [11] . Sesquiterpenes and monoterpenes are also present in relatively high percentages in the oils of the investigated M. graeca. Based on these data, a similarity between the dominant classes of chemical compounds and antiviral activity of the oil is observed. The main individual components of the investigated Micromeria essential oil and those of previously investigated oils do not match. This can be the reason for differences in antiviral efficiency.
Comparing the percentages of inhibition, the essential oil of M. graeca from V showed stronger activity against CMV infection in comparison with the essential oils of the above mentioned Teucrium species and S. montana [11, 12] . Besides the aforementioned works, other literature data do not compare the composition of the oil and its antiviral effectiveness. The essential oil of Melaleuca alternifolia was previously reported as an inhibitor of TMV [13] , while that of Plectranthus tenuiflorus showed an inhibitory effect against tobacco necrosis virus, tobacco mosaic virus and tomato spotted wilt virus [14] . Our previous investigations as well as those carried out in this study confirmed that essential oils are potent antiphytoviral agents. According to the results of this study, we cannot establish a relationship between the main component of the essential oil of M. graeca and its antiviral efficiency. Inefficiency of the essential oil from Komiža emphasizes the importance of antiviral testing of many oils to obtain an insight into the relationship between oil composition and antiviral effectiveness. A possible explanation is that some components that are present in relatively low percentages in the oil can have a synergistic effect and contribute to the antiviral efficiency. Isolation of essential oils: Aerial parts of plants were dried in a shady place at room temperature for 10 days. The plant material collected during the flowering period was used for the analysis of the essential oil composition. The dried aerial parts (100 g) were subjected to hydrodistillation for 3 h in a Clevenger type apparatus. The obtained essential oil was dried over anhydrous sodium sulfate.
Experimental

Gas chromatography and mass spectrometry (GC, GC/MS):
Gas chromatography analyses were performed on a gas chromatograph (model 3900; Varian Inc., Lake Forest, CA, USA) equipped with a flame ionization detector, mass spectrometer (model 2100T; Varian Inc.) and capillary column VF-5MS (30 m × 0.25 mm i.d., coating thickness 0.25 μm; Varian Inc.). Chromatographic conditions were as follows: helium was carrier gas at 1 mL·min −1 , injector temperature was 250ºC, and FID detector temperature was 300ºC. The VF-5MS column temperature was programmed at 60ºC isothermal for 3 min, and then increased to 246ºC at a rate of 3ºC·min −1 and held isothermal for 25 min. The injected volume was 1 μL and the split ratio was 1:20. MS conditions were: ionization voltage 70 eV; ion source temperature 200ºC; mass scan range: 40-350 mass units. The analyses were carried out in duplicate.
Data analysis and data evaluation:
The individual peaks were identified by comparison of their retention indices (relative to C8-C25 n-alkanes for VF-5MS) with those from a homemade library, and/or authentic samples, as well as by comparing their mass spectra with literature [15] , Wiley 7 MS (Wiley, New York, NY, USA) and NIST02 (Gaithersburg, MD, USA) mass spectral databases. The homemade library was created from authentic compounds obtained commercially and from the main components of many essential oils from our previous studies. The component percentages were calculated as mean values from duplicate GC and GC-MS analyses using the normalization method (without correction factors).
Plant host for antiphytoviral studies:
The study of inhibition of local lesion development was carried out on Chenopodium quinoa Willd that is a local host for satellite-associated cucumber mosaic virus (CMV). Seeds of Ch. quinoa were sown into perforated styrofoam containing Klasmann universal compost and maintained in a growth chamber (24ºC, 16:8 h light/dark cycle) with watering as required. When the plants had grown enough to handle they were transplanted individually into 10 cm plastic pots with fresh compost. Plants were grown in a growth chamber under the same conditions. Experimental plants were selected 3-4 weeks after sowing, when they had 8 true leaves. Care was taken to ensure that the experimental plants were as uniform in size as possible.
Solution of essential oil:
A spray solution containing 500 ppm of essential oil in distilled water was prepared for testing the antiphytoviral effect. To overcome the insolubility of the oil in water, 0.05 mL of Tween 80 was mixed with 25 µL of the oil and 50 mL of distilled water. The prepared solution was immediately sprayed onto the test plants.
Viral inoculum:
Leaves of Nicotiana megalosiphon Van Heurck & Muell. Arg plants, previously infected with satellite-associated cucumber mosaic virus, were used for preparing the viral inoculum. N. megalosiphon is a systemic host for the specified virus and was used for propagation of it. Leaves of systemically infected leaf material (5) (6) (7) (8) were ground with 5 mL of inoculation buffer (0.06 mol/L phosphate buffer, pH = 7.0) in a mortar. Sap extract was diluted with the same inoculation buffer to give a suitable number of discrete local lesions on test plants. The inoculum prepared in this way was used to inoculate the local host Ch. quinoa.
Application to local host plants:
The spray solution of essential oil was applied to Ch. quinoa plants for 2 successive days prior to inoculation of the satellite-associated cucumber mosaic virus. The control spray was distilled water and Tween 80. Plants were sprayed with either an oil or control solution. On the second day of treatment, plants were left to dry for 30 min and then inoculated with the prepared viral inoculum. All treatments were repeated three times on plants selected for uniformity and grown in a growth chamber (24ºC; 16:8 h light/dark cycle). Local lesions were counted and the inhibition percentage was calculated by comparing the number of viral lesions on treated and control group according to the formula: 
Statistical analysis:
The significance of difference between mean value for treatment and control was estimated statistically using the one tailed student T-test.
